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Recent Zeolites for Oxygen-PSA

Satoshi Yoshida and Satoru Morishita
Tosoh Corporation

The production cost of oxygen by pressure swing adsorption is decreasing through the
improvements of process and adsorbents. The process of atmospheric pressure adsorption
and vacuum desorption became mainly used. High performance adsorbent LiX and super
high performance adsorbent LiLSX are begun to use in industry. Lithium ion has moderate
polarizability and LSX has much more nitrogen adsorption site (lithium ions at site IIT('))
than X. LiLSX has 1.5 times larger performance than conventional Ca-exchanged adsorbents.

Keywords: Adsorption, Lithium, LSX, Air Separation, PSA
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TEAOH:0.03Zn(0Ac),:S5i0,:30H,0 (') # E#H
Ludox HS-30) &$5&, ZEHERELY, 2hE
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TVHIERA TV EEERVRPHLDERTES
HNPLERDE, RDL ) REITREENRD, Zn
PEHIC A2 7o~ y BEL TR T 8, BP0
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C, 4 HEDKBAHREHIELTH 5,
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NH,4" exchanged CIT-6

X1 29Si MAS-NMR spectra.
(a) as-made CIT-6, (b)NH*+exchanged CIT-6

3. CIT-6 DX+ 752)HE— 321418

CIT-61ZVPI-8 £ U b iZB0I2E L DA F 255
BFELFD, InhR— S EEOBHENICHEAIATN
TWBEERLTWS, &5IZ, 298i MAS-NMR
VT, Fhomils#n/z, as-made 7D CIT-
6 D298i MAS-NMR O#R %X 1(a)iZR"T, —90
5 —105 ppm OFEBRIZEBEDOY — 7 58I H S
bh, TS RTIHEEITELE ol FOR
Wo—o2L LT, €471 FMHICH S TEA+IHE
LTwa E#EZ, NH, V CEROIC TR E 74
TUERABL 72, FD29Si MAS-NMR D#5EITH
IODXHIC%Y, Q344 b, HBHWIESi(1Zn)Y
A MBS NAEEDIC—98 ppm & — 102 ppm D
2RDOE— 7B &, ZhE IH-298i CP/MAS-
NMR CHM LT A, ZO2KNDI> L, —102
ppm D E— 7 AR L TER &Nz ZORE
PH—102ppm D E— 7 35Q3 %4 MIERT LI D
THH, —98 ppm DY~ H5Si(1Zn)¥ 1 MIRE
ENLEDP DI 272, TONMR DKER & TCEMT,
14 BB EDRR DY TEZ L L, ZniiR
2ILRT L) R o0BMIRERZ LTWAEEEZD
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(b)
I (HO)
OH HO,
/ AN +2 M(OH)
Si Si
2 Zn DECNHEE
100
(b) extracted CIT-6
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X3 TGA patterns, (a) as-made CIT-6, (b) extracted CIT-
6, (c) as-made Al-X—%, (d) extracted Al-X—%

4. CIT-6 DBWICL BT T L— bDFRE®
F3IZCIT-6 & Al-X— % DTGA R EZRT, 2
N, CIT-6 DEFL VEWVIRETEL I 1 A
DEBIOBRERET LTVARENDD L, 0
BID, CIT-6IIBEHICI AHEBTTF T L— o

£1 FADOHHEICL D as-made CIT-6 25 DTEA  F 4

> DERFEHFR
Molecular Method % TEA Si/Zn ration from
sieves removed®  elemental analysis
CIT-6 o none 0 32
CIT-6 calcined at 550 T 100 32
CIT-6 extracted with acetic acid >90 >2000

at 135 C for 2 d®

CIT-6 extracted with acetic acid 90 452
at 60 C for 3 d®

CIT-6 extracted with NH;NO;aq 65 32
at 80 Cfor 10 ke

Al-containing none 0 22(56)d
CIT-6

Al-containing extracted with acetic. acid 85 >2000(57)
CIT-6 at 135 C for 2 d®

2 (1.0 —(% weight loss for extracted sample/% weight loss for
as-made sample)) X 100 %.

b 0.1 g molecular sieve/6 ml AcOH/10 ml H,0.

¢ 0.1 g molecular sieve/10 ml IM-NH,NO;aq, 4 times repeated.

d Values in parentheses are Si/Al ratio.

RYBRT 20T W EEZ 72, BEBUKSTICE
D135 CTHIHEZRARE IS, TLALDF VT
L— FOSBRETE S, SRIHLT, AL-R—-FT
FRE LB E T - 7281340 R BELPRETE
Lotz ([3). 72, 60 CTREMER T CIT-6
DFEII0 BREDT VT — s IRETRTS
o712 IHEDERIZOWTRERODSI/IZn L L H
DETRIRT LD TRL, I DFERIECIT-
6 DB E TEA B 4 » L OMELEHAITAL-~R— %
LRBELRY, PLIFBNDIOTHELELVIERRL
TWh,

K412 CIT-6 DXRD %R L7245, 5 7L —1
HHED BOEREEZER L7 T oy BifE
THHENbDP S,

5. CIT-6 D EN—2EIEF T4 MERADFIH 19

RIETCIT-6 B EMBIC L WV ESICT v T —
I DERENTRETH HEFE R L7z, M5 I1Zas-made
B, 550 TTORESS, 135 CTOMMF D298
MAS-NMR %R %, COETh?5 X512, il
MOBRIIBOD DL KE L B oTHEEN DY
b, Tiabb, Q4¥A MEBLUNADQIHN A + R
Si(1Zn)H 4 F OFEBICIR Y — 7 BB I, Q4
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K/\_‘b‘__‘u (c) extracted
a135°C
AN
w L-LJ—JJ\M“.L_«(‘)“.M
| 1 | | I
io 20 3 50
2 theta/ degree

4 XRD patterns. (a) as-made CIT-6, (b)calcined CIT-
6, (c) extracted CIT-6 at 135 C
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prm

5 29Si MAS-NMR spectra. (a) as-made CIT-6, (b) calcined
CIT-6, (b) extracted CIT-6 at 135 C

FAL P ABEOE -7 AR LTS, ZOLH%
AR P VIETFEARR, WiRsl T THMEICH Al
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0.05 |

adsorption capacity (g/g)
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0 0.2 0.4P 06 08 1
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0
He6 ROPELRS at 25 C. (a) extracted CIT-6 at 135 C,
(b) calcined CIT-6, (c) Al-inserted CIT-6(extracted at

60 C), (d) extracted Al-containing CIT-6, (e} calcined
Al-N—%
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WEF S FEELNE LV AT, EHEMC
>T, LVEHTHHEER D,

F7z, FIRLZX ) IZCIT-6 1360 ‘CTHOEERT
DEEBOKE T V- iBfEIC L Y, 13 AED
T b PBRETEDL, ZOBEDZniizL
ALHH &S, L L, 60 CHiAD29Si MAS-
NMR #{llEE$ 5 &, 135 CHIERERL YD, Q3#
A MCRBENZ -2 0 s b, Thid, 60
CLERCHE LB/ T 7L —F, ZndkE
SNDLDIIERETH 5D, ZndIRIT-BOWET 5
I VEFZOTIRFLTVAEERLTV S,
ZOWEY 7 /- VEEXFIHTAEICLY, Al B,
Fe, TiZEDMOERE % N— ¥ GHNIZEAT LHEH
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as made CIT-6
extraction extraction
above 100°C, at 60C
hydrophobic Si-CIT-6
Si-CIT-6 with internal
silanol groups
extraction ] ]
in presence of insertion
Al;' l of A
Al-CIT-6 Al-CIT-6

as made

Al-containing CIT-6
extraction extraction
at 60°C at135C
AI-CIT-6 AI-CIT-6

insertion
of other
elements
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FA4 FESIIADF A FPEDVEL TR EEZ NS,
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frAIRIC X B — 7 Bl s h b,

CDEICLTHRARLAN=FRIT VIV
— T 3 Al-CIT-6 ®29Si MAS-NMR % #H# O
SRBEICE VEo72Al-R— P DEFNL RSB E

(c) caleined zeolite beta

(b) Al-containing CIT-6
extracted at 135 °C

(a) CIT-6 treated with
AlNO,); aq.
after the extraction at 60 °C

X8 298i MAS-NMR spectra. (a) Al-inserted CIT-6(extracted
at 60 C), (b) extracted Al-containing CIT-6, (c) calcined
Al-R—%
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CIT-6 DFSHKHTH Y, AlEA CIT-6 2> It
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CIT-6, Zincosilicate with the *BEA Topology:
Its Synthesis and Use as a Precursor to a Family of *BEA-type Molecular Sieves

Takahiko Takewaki
Mitsubishi Chemical Corporation, Yokohama Research Center

A new, large pore zincosilicate denoted CIT-6 with the framework topology of zeolite
beta has been synthesized from reaction mixtures containing Li *, Zn2+ and tetraethylammonium
hydroxide (TEAOH) as a structure-directing agent. The effects of the concentrations of Li *,
Zn?t+ and TEAOH on the preparation of CIT-6 are investigated and it is shown that there
are critical ranges in concentration for all three components for the crystallization of pure
CIT-6. The incorporation of Zn?+ into the CIT-6 framework is confirmed by 29Si MAS-
NMR. CIT-6 is the first molecular sieve to contain framework zinc sites accessible to
organic molecules.

CIT-6 can be used as a precursor to a family of *BEA-type molecular sieves. Unlike
zeolite beta, TEA cations can be easily extracted with acetic acid containing solution from
CIT-6. The extraction simultaneously removes TEA cations and zinc, and forms a highly
hydrophobic Si-CIT-6 with very little defects or Si-CIT-6 with internal silanols depending
on temperatures. Applying such properties of CIT-6, a wide range of new molecular sieve
materials that are of the *BEA-type can be prepared.

Keywords: Zincosilicate, CIT-6, VPI-8, Extraction, Hydrophobicity, *BEA
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Allyltrimethoxysilane 17
3-Bromopropyltrimethoxysilane 17
3-Aminopropyltrimethoxysilane 18
N,N-Dimethyl-3-aminopropyltrimethoxysilane 21
Phenethytrimethoxysilane 27
2-(4-Chlorosulfonylphenyl)ethyltrimethoiysilane 28
3-Mercaptopropyltrimethoxysilane 47

a R-Si(OMe);/TEOS =0.02, Temp.=140 C

2 T AFNEEETH*BEAREL 25—V —TD
ABHER W

Silica Heteroatom® Seed  Temp.(C) Crystallization
Source? time (Days)
TEOS None No 140 19

TEOS None Yes 140 9

TEOS Al No 140 31

TEOS Al Yes 140 10

TEOS B No 140 31(amorphous)
TEOS B Yes 140 10

TEOS None No 160 6

TEOS None Yes 160 4

TEOS Al Yes 160 6

TEOS B Yes 160 6

TEOS None No 170 4(BEA +MFI)
TEOS None Yes 170 3

TEOS Al Yes 170 4

TEOS B Yes 170 4

Cab-0-Sil M5 None No 140 38

Cab-0O-Sil M5 None Yes 140 34

Ludox HS-30 None No 140 38

Ludox HS-30 None Yes 140 34

a R-Si(OMe)3/Si0, =0.02
b When added, heteroatom/Si =0.02

2.2 As-made OFMS MDA

RUITHA ZARERELHONI A MNF VYT
~R-Si(OMe); DHFFEF T*BEARIE L ¥ 25— —
TOERELT o 1B 2R T HREN TS KD
R-Si(OMe); % TEOS IZfN %2 TABL 247> TH *BEA
EBEDOXRD 3% — v 2 5.2 ESNBOND,



164 ¥4 74k (16)

-
/

A
B
-100 -120

PPM

-60 -80

v K2 As-madet > 7V D28i CP MAS NMR A-XZ h L1
A: Tz RFNEEANGE (OFMS), B: 7x 3
FNEDBVRE (KT )H)

HRLCET 2REIEABREOY A AKREC LD
REL RAERIRD S, EREREOHFEIRE
FBLEHEL WD DL SIS, KRELEEH
WRBEBREE EIF/2) (ER170 C), BER%
TNTAZETEMTAIENTE, 727703
ZEATAHEETIHICITHROLILFTES
(F2)o 517, HBERELIZAIPBEDAT
OEF3EAT S LR, TEOSUA DY) HiE%
BWALZLHTRETDH 5,

85 M 7~ as-made ® OFMS HIZH B EREEA3SI-C
REREESEZNUTHEET 5 Z 2132981 MAS NMR T
W TE D, H2A3723FVELEALL
OFMS ®29Si CP MAS NMR A7 b LOFITY
2T7YYHANR—F (B) TRLNBE—Z712MAT
X 52— 69ppmAHEICSI-CHREAEETASIREIZL
LMY —rhToOLNDE, —F, EALKE (0b
VD) ERERECMRTHZLEIZURTO
HEICHFEL TV EpEIERED 5 2 LR T
3%, 22 CEMEREPITORATVADIER
PR T 723 FNVE, 70, 2
VAT b TaEVEEOEBICREL L TWD,

BATRLEELEOEICHETARHNIEZ 7 = 270
D47 — A TXRD R SEM 2 AW TIThR T 5 14),
RII$ % R-Si(OMe); DEAS TEOS EVHTO0.1 2L
Rk s LERHICHNZ TTENT 7 AMATSEM
THHEND X2k, XRDTiZ20=5" fHi
27a— Fir¥—228ihb, SDAZBRELLY Y
TV OREFEDOREAERE S ZIC—BT HHM

#£3 As-made ¥ 7 1) HR— ¥ 5O TEAF 1)

Solventa Temp.(C) Time(h) Efficiency®(%)
H,0 120 24 36
CH;0H/H,0(1:1) 120 24 34
CH,CN/H,0(1:1) 120 24 42
CH,COOH/H,0(1:1) 120 24 90
Pyridine/H,0(1:1) 120 24 43
Pyridine/IN-HClag(1:1) 120 24 72

a 0.05 g of sample were treated in 3 ml of solvent.
b Percentage of TEAF removed.

ERLTWS, HBEEDOSIIELF2T—T—
TEBAIINE V135 LRIZS 2 BET, £0E%E
Bz 5EZNEETHELTTENVT 7 AHEBR
T5E97% MOBEREREICBNTHEATES
BOLRIIFARELEZ bRD,

*BEA BIOFMS ¥ Takewaki HASRH L7z A VR
—FAV) A EERETIERFEOICLL-TH
BELZLODEUFTFTA v I AVER—F AT Y I
TEAFRKBHEEZ M THEREEEHZ L LTHETH
b5, LL, TOFETERINT T uhrbid
TEAF 2Bz LBES, BREBRIERR YR L THHRHE
I CTRETATEAF DEDZVEDOHREDL H B 149,

2.3 TEAF DRk
KDF—AF v FiESDA & L THW/-TEAF Z k&
ETHTHRTH S, MILAIEA L7-FRE RN
NEBOWE L HEERTEL LT H0ICIFE
BEREBEITRLY, Si-CEAIINAY L
BVWEHTCTEAFZBRELTCELF 29—V —7
BEOMILEEE T 2 LENH L, Bt LELD
FEOHTHEEMBIROMREHTH o723, K3
iZas-made ¥ 2 7 V) HR— ¥ # HWTEBEED
MHUBEETRFLAERETT. EBRKER
(AcOHaq) % FWHEITRIMEIEL, €U
v L INERKBHEOBEY (Py/IN-HC1) THH
% DEHRAICTEAF 2 rET 5 2 LATTE L, Hhi
BECTHFFBIETAEZ Lh5, BROBEEHIE
THOIEEBOBEL VS, L IZHF
PHELCOREB LUEBELLE IR CHEE
THH 217D L PEETH 5,

(%3 {2 Py/IN-HC1 % %) & L T80 CTTEAF %
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Volume Adsorbed (cc/g STP)
S 8

8

0 Y + 3
1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
P/Po

3 73/ 7uEnEEET 5ORMS ON,EESRR 77
K) 19 A: TEAFHiHI#E B: A %600 CTHEL7-b D

HLZ73I ) 7aENEksBFTA0PMS L E2ht &
512600 CTHERLTT7I/  SudiErkhiL/
BV T VON, BESRRE LB L TRT. O
BEIZ X o CTEAF NIZ 2R IR E S TE¥E T
A b R—F FEOMILITER EN TV S Z Lo
b 61T, HHBEBEREOY v IV OMILERE
DEITEALLT I 7uLEDED 2BHEICIE
Z—HTHI LS, TRTDOT I TOENED
ML ET 2 b DL RS NS, TGA DFERD
FEROBRETFIEL  ZFL TN,

WBEOT > U ONT EL I F v 5
TN L~ a rEfFol4ER, AVABRICEIoT
HH &MY v TN OYEIIPI R 5 LD
PoTEZY, ZORTFEH4IIRT, Zhid
Py/IN-HC1 B & U’ AcOHaq % FI\»C 80 CTHith%
To727 23 FVEEFETSHOFMS DSi MAS
NMR Bloch decay A7 MV TH 5, AcOHaq T
Hith U724 > 7V 055 & 222 — 100 ~— 106 ppm
OEBICHEND -7 OEEIVNE L, Q344 M
Bl Ehbh b, AcOHaq LB E1T) L Q341
FABEERTQH A MCELT AL 573, Tk
VWiZOFMS DBKMHEE ICd KB &N, AcOHaqT
i L7~ 7 Py/IN-HCl THit %47 o 724 >~
TN & D b H0 DEFEDIV/NEV (0.015 vs 0.035
cc/g)o

2.4 WA LU-BHREEROBH
OFMS FZIFET 2 AR EREE A REMOTE
EHVTHBENES O EREICERT L LT

_LN

T T T T} —

-60 -80 -100 -12;0
PPM
E14 %D OFMS D281 MAS NMR Bloch decay A%
7 PV A: PY/IN-HCHBEE 27 ) 1 R—%, B:
Py/IN-HCIHHH 7 = 2 F VI EH OFMS, C: AcOHaq
7 = A FVEEH OFMS

TEbL, 72 23FNVEDANVEK oW TIHEEIZ
21 TRR=DT, T CTRABRERENSIZ R
THICFET A LERTHN TITo27 3/ 71
ENEDA I UANOERIZOVTHENS,

— BT IVETATFTERDPLAIY (T y 7
#) FTELRCIIMEDOT VT FRiT 5y
v 7REBRE L TL LML TH b, T2, 4-
(dimethylamino)benzaldehyde (BA) ZHNEEEKET
NWFe FF—R7IVERBLTHEBDY v 7154
FERTARBREEOT I VREICERTH 519,
OFMS FICEATX 2 FBEREORIZS TV %EE
BIZRONTWED, IRRTIY Y, NMREOS
FHERFEEZ AT ORE LEVWEEREV, o
T, BALZZRTOEREREVSTBT L %L
MILAICHFEL TWAZ L ETT 52 LIdflHT
BV, TI2 70 NEREALAZOFMS 2B T
b7 I EREPEERNT A LI EROFETIRE
BETHSAICRTEHICTITIZ7 I/ FICHE
FTHE-ZRIFLALRDLRZY (3310 cm-1 D
V=21 3vypitLbdDEEZONL) L XA
VTHD)o '

FIT, TI/EERIVBRELSVWEREICER
THEETA IV DEILEBRET L1213, 25 ) —
WVEERTHAROFEET, 73/ 70z f
3% 0FMS L BA 2SS THRONY Y I DS
TYARY PVHSCTH B, 1640 cm=—1IZV ooy
RBEINAY -7 P HEICRDONG, LA,
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s 73I/770ENEEETHORMS DT ARY ML) A: TEAFHIHTE, B: NA &l C: BA L B> 7L

i D R s—— HAA

BA I si

I
>8m§ | -

e 73I/70Vi#EzET20FMSE7V7Fe FEEDRIED

7% VVR%2A T H4-dimethylamino-1-
naphthaldehyde (NA) (HEfX¥/-HEICIIZO
AIVEROE—ZZRLALEDLRE Y (B),
COEROBREATAMELZODK6TH 5,
*BEARIE L F 25— ¥ — 7 OMILAICHERLES
RYATVTEF (BA) BHHLAICHSHT I /&L
RELTA I 2R TESLY, T77VVBRED
D7 VTR F (NA) 3L AN N 20121 3
VREZDHIENRTERY, DFY, ZOKR,PL
OFMS HICHEET AT I /HDIZITEHIFEL F2
5=y —=TDOIZURTHIIEET S LERTE S,
Z ORI b BEAE % V7B T S AL
HIBRIIBRET SN TB Y, EREKRCSI-CHAZIEA
BT L BEFTENTYS, BEEOERTIVAH
UAaELEZVEET RV, &R (200 TLL

b)) B 5R0B L UCHILRCIERLERWEE
2HVARESEZRITITEE A L OEBERIGH
OFMS HOHMEL BT 570 0FHk L LTULH
TELHDEEZLND,

3. FRBEIRAURME(ER

AR L7227k Y BREEEE T 5 OFMS (20w Tid
E TV UL & o TIRGEREIRE Sh T
AW, BMILIGRLAEE I T = A FVELET 5 as-
made ¥~ 7V % ~8M-NaOHaq THLIEE L /-2,
AcOHaq TSDA ZHliiBREL, 25HIISO; TANF
MELTRIE T 2 2AFVEEEFTSHOFMS % 5o
L7ze Iz LCRIBAF—ATITRLZR
K77 — VAR TR L7
MEO—FIZMTIIRT. HEE LTV 7unF
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Conversion of HEX or PYC (%)
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0 Atk & - +

0 0.5 1 15 2 25
Time (hours)

X7 ANVEVBEPETAHOFMS L ABIRT7 Y -
ARFEICOREFELD FEHK: aA-PYC, @&
HEX, #EWHOTRN: @-0.5 hORHETEGN 2R
70, M-1.15 h DB TNPM 2R

35

¥/ (HEX) 2BWB L7 7 — VIRt A, &
ORIEHICEBVT I~ (NPM) 2L Th4H
ERZ%5 2 L Dk #ETT 2. LaL, M
IRCHHR LB NI F LT IV ERIITA EZ
OREETRIEAIEE 5, —F, FULEREE LTES
CTHILRICHERTEZWEL Y AUV FRe F
(PYC) ZHEEEL L THWALRILIZIZE A LHEST
Ly, FUBEERT I VY OANZ & o TRBHER
WHBENAX LR B LD D I DOFMS IR
BIRUEHLTVWAZ EATREN, ANVEVERD
FTRTH LIRS PHILNCHFEL TS H D
LRI,

LAL, REOKRCEEOBEBENLTLSHIEL
BV EFHLPIC T AR, T4bb,
SDA 2ENICRELF Y IV TEPR Y DED
PYC KRBT AEMMED b, FORELZERL
R, UTo L) eimsErhTnsd, $4b
%, SO;LEH G ONKEIZE A& L 7-5lk
LB T 2 F T o THEAICRETET, =
O FEHEEEE ETPYC DREAETT 5, UL,
NaOH TALEE L 7-35E12 I3 Na +4%, SDA DffH!

PREE Y >~ T IV TIITEA + AFREHRER &
FHDPYCORIEANTE A LRI SRV,
FIT, SO 2 A LEVEE, 2Fh, A%
7 s FaEnEEET 5 OFMS BBk E TR
FTAHILTANKVBELETHOFMS PR S
720 M, ZOH T NOFETIas-made IREETD
NaOH L# H fTbh Tz vy, TOFRETEHEL N
OFMS DA I3FEE I L WIRREBIREEH SR
{EBLNTWA, o T, as-made DEFETHER
CEHLEBIRIRE L A LEREST, Sl
TREEITZTITPELLBRERE L AR ERRE
5 TEDZLdhhb, 12720, RIEEE/
B, EEYA MY oFEECHBELTHOTERD
BEIEFS A4 b (Si/Al=12) DI1O0LTFTH 5, ik
BEHATRP T OEEEINE L EoTnEHD
EEZLND, FE (1~5pum) PPREVI L DI
HEER I RS T—-REBEbN5 D, MILRICHE
Y 2HBE L HHHEER L LITRE VT
BRI, Lo, WHTOMERICS, HE
KEGEBEENROONLBEICITREREEL
LOE)THb,

4, OBEEHT 5 OFMS
FOMOMBERETHAELF 2T — Y —TIZon
THRRRHECABERELEAT S LHVEE
BICIITTREE Bhbh b, BRICFAU, MFIEREEDE
LF 25 —Y =TIV TIE—EREIEEINT
WBDTHEISEAMNT %,
4.1 FAUZUEE
FAURIBEZH T A5 NaYZEDELF S 4 MiESDA
HLTEAWMTE S, HoT, MLPDHFETHRE
B EILAICEATE S, SDA RBRETATE
EUERV, FRLAX 9777 MFEEIED £
CHEBEL 2720, B4 %2 R-Si(OMe); % NaY Fa8
TR L TRBEER LT, FREREEZ DD
YREIEF T A B TEL0EPRE SN, Y70
NE YNV FNEE-ROFREREICOVTZ
ML A BTBEMEASR E N7 1098, FR e VLT
LF—FRFOBBE IR TRV, ERELT,
R-Si(OMe); &\ o 27V aF ¥ ¥ T iE
NaY F NV AHICRET S L) FETIRAREY
HFLRICE T AFAURIE L 25—V — 735N
WL THDHW), L IZRARFEICIRIWET
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SDA: LTARERLEY2aT7 Y IMFIH» 56X
AcOHaq DB ML TSDA 2BRFETE AT LAVR
ENTWVBIG, E5i2, 73/ /O LEPiRmL
BRSO MEL SR T 5 2 & bHERRE N T
By, FEHEMIZIT*BEABIDREE L FELFET
OFMS &3 A Z e WEEL Bbh b, LI A7,
COBECITERIEE R A T S as-made B 5 D SDA i
HLGBRATHETH Y, HMEEEDEL TH 100 %t
{ETSDAZRETAZENRTE D022, &
NEBFS CHIILNICEET AT I/ TudLE
(b L 3 #D5HY) HHMDA OLEE HET %
BRLEZOND, COMBERABREOREZ T
LA THABRBEIERETE 20 ANV, B
ExTiF5 L EREOKRE ST —TEREICL 5720
FRUEOBRFHATON TR L ) Th b,

5. BhVIC

CCTHRAL-ERERELEL X277
OHMFLPNCEBATAEMORL ~ b, OFMS &K
BT AEVF 25—V —TOERFEEZRHETE
LiZhb, 2F 1, HRARICHBEORE 7
ACHEREZSDAZFRALEL X 25— —7
OEBFEDR, DLLIZSDALZLTELF 25—
T—THBONALFEE OFMS AN L Y EE L
TERTHIEDEICEETH D, BETIIHRE
BRINBIAS A, SHROFHEBMOESRRETIIE
ELZOFMS BV — F & BT EED HA ), —F,
AEOBAIIZITIZ LT SDA DRE L5 & # 5
FTAPHRIEEL 2505, Blt, SDAD (5fR) Bk
BES1OOBELIFEICR VB EHEINTY
%16, SDA OBBEREIISDA O FELELF
F—V—TORMILBLDEREL X 2T~V —TF
# L SDA L OROBXMAHEMER DM S 2 L TiRE
%o $EoT, OFMS SHICHET A% L LT, Edh
KLBHONERSDAEHNT, HLEOKE L

N, BEAICRELT Y IDEL S
— V=T HPRONBRBFEEBRITHILNTE S,
*BEABIV 273 A ELFa2F—3—TI3FI 0
S BlE D555 L OFMS U ER T 2 D1c 8
MR THY, OFMS DABEERL TV AEHIT
Camblor LD FEINPRFE LN LIIEETH-
720 LRDE ) L%z TSDALELF 2T
— V=T OMAEDbETHNIE, RLDHELL
OFMS DERFEEZEHRTLZLNTELDDLRE
LTwa,

i, BERRCO, 2L LTHED pRI¥ A5
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77 L, BERLKECTREL TRV K Y BEICE
B L 7SRRI 2 R T L 0#EDH Y 29,
OFMS B FEDNY —3 a Va0 L L
THEEENE, ZhoDF L ARSI FELH
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Studies in Organic-functionalized Molecular Sieves (OFMSs)

Katsuyuki Tsuji
Central Research Laboratory, Showa Denko K.K.

The method for introducing organic functional groups into the micropores of crystalline
molecular sieves had been desired since it will enable us to combine the chemical functions
of organic functional groups and the shape-selective performances of zeolites. Recently, the
synthetic method was developed to provide organic-functionalized molecular sieves
(OFMSs) that are the crystalline molecular sieves holding organic functional groups within
their micropores by means of Si-C covalent bonds. In this article, our results obtained in
synthesis and characterization studies of OFMSs with the *BEA type structure are summarized.
Good shape selectivity can be achieved if the material is synthesized and treated with

proper manner.

Keywords: Organic functional group, Molecular sieve, Zeolite B, Shape-selectivity, Catalysis
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